Objectives To compare the type of surgical procedures used, comorbidities, in-hospital complications (IHC) and in-hospital outcomes between women with type 2 diabetes mellitus (T2DM) and age-matched women without diabetes who were hospitalised with breast cancer. In addition, we sought to identify factors associated with IHC in women with T2DM who had undergone surgical procedures for breast cancer. Design Retrospective study using the National Hospital Discharge Database, 2013-2014. setting Spain. Participants Women who were aged ≥40 years with a primary diagnosis of breast cancer and who had undergone a surgical procedure. We grouped admissions by T2DM status. We selected one matched control for each T2DM case. Main outcome measures The type of procedure (breast-conserving surgery (BCS) or mastectomy), clinical characteristics, complications, length of hospital stay and in-hospital mortality. results We identified 41 458 admissions (9.23% with T2DM). Overall, and in addition to the surgical procedure, we found that comorbidity, hypertension and obesity were more common among patients with T2DM. We also detected a higher incidence of mastectomy in women with T2DM (44.69% vs 42.42%) and a greater rate of BCS in patients without T2DM (57.58% vs 55.31%). Overall, non-infectious complications were more common among women with T2DM (6.40% vs 4.56%). Among women who had undergone BCS or a mastectomy, IHC were more frequent among diabetics (5.57% vs 3.04% and 10.60% vs 8.24%, respectively). Comorbidity was significantly associated with a higher risk of IHC in women with diabetes, independent of the specific procedure used. province Conclusions Women with T2DM who undergo surgical breast cancer procedures have more comorbidity, risk factors and advanced cancer presentations than matched patients without T2DM. Mastectomies are more common in women with T2DM. Moreover, the procedures among women with T2DM were associated with greater IHC. Comorbidity was a strong predictor of IHC in women with T2DM.
IntrODuCtIOn
Breast cancer is the most common type of cancer in women. 1 Recently, the Global Burden of Disease Cancer Collaboration reported that the incidence of breast cancer between 2005 and 2015 in Western Europe increased by 24%, from 100.6 to 124.7 cases per 1 00 000 individuals. Breast cancer was also the leading cause of cancer-related deaths in women. 1 strengths and limitations of this study ► The strengths of our study include the large sample size, the standardised methodology, and the use of age-matched and province-matched surgical procedure and stage-matched women without type 2 diabetes mellitus to control for the confounding effects of these variables. ► A limitation of this study is the lack of information on chemotherapy or radiotherapy treatments prior to surgery, which may have affected our outcome variables. ► We lacked data such as specific breast cancer characteristics or accurate time frames since diagnosis. ► The association of obesity on in-hospital complications must be interpreted with caution for the possible existence of a codification bias.
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Breast-conserving surgery (BCS) and mastectomy still represent the current therapeutic approach for breast cancer. Recently, the use of BCS has increased and become the primary surgical treatment for breast cancer. 2 3 In Spain, over 80% of women diagnosed with breast cancer underwent surgery and, among these patients, nearly 75% received BCS. 3 However, recent studies have shown an increased number of mastectomies in women who are candidates for BCS because of the rise of more cosmetically appealing techniques. 4 The Spanish Healthcare System is public and offers universal coverage with no out-of-pocket expenses for patients.
Recently, a report using the American College of Surgeons National Surgical Quality Improvement Programme (NSQIP) database to study 30-day complication rates after breast operations concluded that, overall, BCS and mastectomy with implant reconstruction have low complication rates. Additionally, BCS in early stage breast cancer was associated with fewer overall early postoperative complications when compared with mastectomy (OR 2.8; 95% CI 2.2 to 3.5, p<0.01). 5 Diabetes is a predictor associated with postoperative complications in women who undergo surgical procedures for breast cancer. [5] [6] [7] In women with early stage breast cancer, diabetes has been found to be a risk factor for overall postoperative complications (OR 1.8; 95% CI 1.02 to 3.4, p=0.04). 5 de Blacam et al, using the NSQIP database, reported that independent risk factors for the development of an infection of any surgical wound caused by a mastectomy included a high body mass index, smoking and diabetes. 7 To the best of our knowledge, no previous studies have investigated factors associated with in-hospital complications (IHC) among women with diabetes undergoing breast cancer-related surgical procedures.
Using the Spanish National Hospital Discharge Database (SNHDD) for 2013-2014, we aim in this study to i) compare variables between type 2 diabetes (T2DM) and matched women without diabetes hospitalised with breast cancer who underwent a surgical procedure, including the type of surgical procedure used (BCS or mastectomy), patient comorbidities, IHC and in-hospital outcomes (length of hospital stay and in-hospital mortality) and ii) identify factors associated with IHC in women with T2DM who underwent breast cancer surgical procedures.
MethODs
We performed a retrospective, observational study using the SNHDD, which is managed by the Spanish Ministry of Health, Social Services and Equality (MHSSE) and compiles all public and private hospital data covering >98% of hospital admissions. 8 The SNHDD was implemented in 1987. According to Spanish legislation, all public and private Spanish hospitals must periodically submit data to the health authorities regarding those patients who have been hospitalised for at least 24 hours. The information required includes patient's characteristics such as their clinical history number, personal ID number, date of birth, sex, country of birth and address. Clinical variables include: admission and discharge dates, up to 14 diagnoses at discharge and up to 20 procedures performed during the hospital stay. The primary/main diagnosis is defined as the condition which, after proper investigation, is considered the reason why the patient was admitted to the hospital. The secondary diagnosis includes those diseases or risk factors that coexist with the primary diagnosis at the time of admission or were detected during the hospitalisation and that, in the opinion of the treating physician, may have affected the patient's progress or treatment plan.
Procedures include those diagnostic or therapeutic procedures conducted during hospitalisation. Information on the service where the patient has received care and the type of discharge (home, decease, voluntary discharge, other hospital and social institution) is also collected.
All patients discharged from the hospital must have a discharge report signed by the physician discharging the patient that includes the above noted information. The Codification Unit of the hospital uses this discharge report and any additional information required by the hospital databases to complete the SNHDD. The database uses the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) for coding.
The Spanish Ministry of Health conducts regular audits to assess the accuracy of the SNHDD. 8 9 Several studies have been conducted to assess the validity of the SNHDD for several conditions, including diabetes. [10] [11] [12] [13] In Spain, the diagnosis of type 2 diabetes is mainly performed in primary care centres using the American Diabetes Association (ADA) Consensus Statement.
14 Even if patients are diagnosed during hospitalisation, they are sent to their primary care centre for the follow-up and necessary medical prescriptions.
We analysed data collected between 1 January 2013 and 31 December 2014 for women with and without T2DM who were aged over 40 years. In both groups, we selected patients with a primary diagnosis of breast cancer (ICD-9-CM codes: 174.0-174.9) and whose medical procedures included BCS (ICD-9-CM codes: 85.20-85.25) and/ or mastectomy (ICD-9-CM codes: 85.41-85.48) in any procedure field of the database. If both types of procedures were recorded, that case was excluded (n=137).
We identified 41 458 admissions with breast cancer who had undergone surgical procedures in 2013 and 2014 in Spain. Among those admissions, 3882 (9.23%) had T2DM. Patients who underwent surgical breast cancer procedures in the non-diabetes group were selected to create a control group. Cases were matched with controls by age and province of residence (n=50); if more than one control was available for a case, the selection was conducted randomly. Ultimately, we identified 3826 pairs of women (98.6% of cases matched).
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In the second phase, we repeated the process and selected women without diabetes matched by age, province of residence, type of procedure and stage. Therefore, we matched 1938 women with T2DM who underwent BCS and 1480 who underwent mastectomy (88% of cases matched). Clinical characteristics included data on overall comorbidities at the time of diagnosis, which were assessed by calculating the Charlson Comorbidity Index (CCI) and excluding both cancer and diabetes as diseases. 15 We divided patients into three categories: CCI0, as in those patients with no previously recorded disease; CCI1, patients with one disease category and CCI≥2, patients with two or more disease categories.
We retrieved data concerning specific comorbidities, including acute myocardial infarction, congestive heart failure, renal disease, stroke/transient ischemic attack (TIA)/thromboembolism (TEP) and vascular disease, as described by Quan et al and that were applied to ICD-9-CM. 16 The tumour stage was classified as local (within the breast), regional (affecting the lymph nodes-primarily those in the armpit and/or upper arm) or distant (in other parts of the body) according to Escribà et al using the enhanced ICD-9-CM. 3 Specific risk factors considered in the data analysis included obesity (ICD-9-CM code: 278. xx), hypertension (ICD-9-CM codes: 401; 401.0; 401.1; 401.9) and current smoking (ICD-9-CM codes: 305.1;V15.82) recorded during hospitalisation for breast cancer in any diagnostic position.
Additionally, we specifically recorded the following procedures: sentinel lymph node dissection (ICD-9-CM codes: 40.11; 40.19; 40.23) and axillary lymph node dissection (ICD-9-CM codes: 40.3; 40.50; 40.51).
Irrespective of the position at diagnosis or the procedure coding list, we retrieved data regarding in-hospital 'infectious complications' such as pneumonia (ICD-9-CM codes: 997.39; 480-488; 507.0-507.8), sepsis (ICD-9-CM codes: 995.91, 995.92) and surgical site infection (breast-specific infection, ICD-9-CM codes 611.0; postoperative infection, ICD-9-CM codes 998. 5 Hospital outcome variables included the length of hospital stay (LOHS) and in-hospital mortality (IHM), the latter being defined as the percentage of patients who died during the admission. statistical analysis A descriptive statistical analysis was performed for all continuous variables and categories by stratifying admissions for breast cancer according to diabetes status. Variables were expressed as proportions, either as the means with SD or medians with IQRs (LOHS). We performed bivariate conditional logistic regression models to compare the prevalence of clinical characteristics, risk factors, comorbidities, procedures, complications and in-hospital outcomes between patients with T2DM and controls. The analysis was conducted for the entire sample and stratified according to the procedure type (ie, BCS or mastectomy).
To identify variables associated with IHC among patients after breast cancer surgical procedures and T2DM, we performed a logistic regression analysis with any complication (infectious or non-infectious) as a binary outcome variable. Finally, we performed two logistic regression analyses to specifically identify variables associated with complications among patients suffering from diabetes who underwent BCS and mastectomy. The variables included in these models were those with significant results in the bivariate analysis (p<0.05) and those considered relevant in other investigations. The variables included in these models were age, CCI, stage and obesity. The remaining variables were not significant in the bivariate analysis.
Estimates were described as the OR with associated 95% CIs.
The matching of cases with controls and all statistical analyses were performed using Stata V.10.1 (Stata, College Station, Texas, USA). Statistical significance was set at p<0.05 (two-tailed).
ethical aspects Data confidentiality was maintained at all times, in accordance with Spanish law. Given the anonymous and mandatory nature of the dataset, the requirement for informed consent was deemed unnecessary.
results Before matching was conducted, women with T2DM (3882) were significantly older (70.66±10.24 vs 60.2±12.71 years; p<0.001) than women without T2DM (37 576).
Regarding the procedures that we analysed, when we compared women with T2DM with matched controls by age and province of residence, significant differences (p=0.04) were detected, with a higher incidence of mastectomy in women with T2DM compared with those without diabetes (44.69% vs 42.42%, p<0.05) and a greater rate of BCS in patients without T2DM (57.58% vs 55.31%).
In contrast, we found that the local tumour stage of the disease was more prevalent in women without T2DM than in those with T2DM (73.86% vs 71.33%; p=0.020). Table 1 shows the characteristics of hospital admissions for patients with breast cancer who underwent a surgical procedure and who underwent BCS procedures and Open Access Open Access mastectomy among women with T2DM and age-matched controls without T2DM. When we compared women with T2DM with matched controls, by age, province of residence and tumour stage, we found that patients with diabetes had more coexisting medical conditions according to the CCI (p<0.001). Specifically, women with T2DM had a higher prevalence of vascular disease (8.81% vs 6.61%), renal disease (4.13% vs 1.40%), stroke (2.40% vs 1.61%), congestive heart failure (1.93% vs 0.61%) and acute myocardial infarction (0.97% vs 0.53%). Additionally, the prevalence of hypertension (65.54% vs 36.22%) and obesity (13.17% vs 3.63%) was higher in patients with T2DM.
As shown in table 1, all types of IHC were more frequent among women with T2DM (7.72%) than in women without diabetes (5.30%; p=0.003). When the types of complication were analysed, only non-infectious complications showed significant differences (6.40% vs 4.56%).
Median LOHS and IHM values did not differ between women with and without diabetes.
As can be seen in table 1, women with diabetes who underwent BCS were significantly younger than those who underwent a mastectomy (68.18 vs 72.71 years; p<0.001).
Among women who underwent a BSC, those with T2DM had higher frequencies of comorbidities according to the CCI, when compared with matched controls (p<0.001). Vascular disease, renal disease, acute myocardial infarction, obesity and hypertension were significantly more prevalent in patients with diabetes than in matched controls. We found a significantly lower rate of sentinel lymph node dissection in patients with T2DM compared with controls (61.09% vs 64.86%; p=0.032).
Women with T2DM who underwent a BSC had a higher prevalence of all IHC (infectious and/or non-infectious) compared with those without diabetes (5.57% vs 3.04%, respectively, p=0.008) and also for non-infectious complications alone (4.80% vs 2.73%).
Women with T2DM who underwent mastectomy had more coexisting medical conditions according to the CCI and a higher prevalence of vascular disease, renal disease, congestive heart failure, obesity and hypertension than women without diabetes. Additionally, women with T2DM had a higher prevalence of IHC (infectious and/ or non-infectious) than those without diabetes (10.60% vs 8.24%, respectively; p=0.029). According to the type of complications, differences were only significant for non-infectious complications (8.51% vs 6.96%; p=0.032). Table 2 shows the results of logistic regression analyses to assess those factors associated with IHC in patients with T2DM during hospital admission for breast cancer who underwent any breast surgical procedures and, more specifically, according to the type of procedure. Among women with T2DM with breast cancer and after any surgical procedure (ie, conservative or mastectomy), comorbidity (vs no comorbidites, OR 1.72, 95% CI 1.30 to 2.27 for one comorbidity; OR 2.55, 95% CI 1.55 to 4.17 for two or more comorbidities) and obesity (OR 1.54, 95% CI 1.14 to 2.07) were the factors most strongly associated with a higher rate of IHC. These two factors also increased the risk of IHC for women who underwent BCS. However, among those who underwent mastectomy, only comorbidity was associated with a higher rate of IHC. DIsCussIOn T2DM is considered to be a common comorbidity that is present in many patients with breast cancer, correlating with poor clinical outcomes. 17 18 According to information obtained from the SNHDD, compared with non-diabetic counterparts, women with T2DM undergoing surgical breast cancer procedures have more risk factors, comorbidities and advanced cancer presentations.
Several studies have reported that the presence of risk factors, such as hypertension and obesity, are common Open Access in both patients with diabetes and those with breast cancer. 19 20 In our current study, women with T2DM were significantly more likely to suffer from advanced-stage breast cancer when compared with women without diabetes. Our findings are consistent with other studies demonstrating a more advanced stage of breast cancer among women with diabetes. 21 22 A study conducted in Canada showed that diabetes was associated with more advanced-stage breast cancer, even after accounting for differences in screening mammogram use and other factors. 23 There are several possible explanations for this association, including the fact that mammograms are less sensitive for the detection of early lesions in women with T2DM because of higher rates of obesity. 24 Finally, tumours may progress more rapidly in patients with diabetes, or diabetes may lead to a higher metastatic potential. 25 We observed that mastectomies are performed more frequently on diabetic women, which could be explained by several factors, including higher comorbidity, higher stage disease at diagnosis, the presence of more biologically aggressive tumours and the fact that diabetes is a major risk factor in breast cancer recurrence. 3 25 Kaplan et al examined 483 patients with breast cancer who had undergone a mastectomy between 1998 and 2010. They concluded that the recurrence of breast cancer was significantly increased in patients with diabetes (OR 2.21; 95% CI 1.23 to 3.96; p=0.008). 26 As expected, we observed that in-hospital mortality and IHC rates in breast cancer surgery were low. This finding is consistent with de Blacam et al, who, in a multi-institutional study of patients undergoing mastectomy and BCS in the USA, found that the overall 30-day morbidity rate was 5.6% for all procedures. 7 We found that women with T2DM who underwent breast cancer surgical procedures had a higher frequency of overall IHC compared with women without diabetes. Several studies have reported that diabetes is a risk factor for surgical site infections after breast operations. 7 A systematic review/meta-analysis concluded that patients with diabetes were more vulnerable to surgical site infections after breast cancer surgery (OR 1.88; 95% CI 1.47 to 2.39). 27 In this study, comorbidity was a strong predictor of IHC in women with T2DM who underwent surgical breast cancer-related procedures. Dehal et al studied the impact of comorbidity using hospital discharge data from the 'Healthcare Utilisation Project: Nationwide In-patient Sample' database in women with a primary diagnosis of breast cancer after undergoing breast surgery. They found that women with a severe (CCI score ≥3) comorbidity were 4.6 times more likely to develop a postoperative complication when compared with patients without a comorbidity. 28 In our present study, obesity was a predictor of IHC in women with diabetes who underwent BCS. Being overweight or obese has been associated with higher rates of treatment-related sequelae, such as lymphedema, fatigue and arthralgia. 29 Helyer et al concluded that obesity is a risk factor for the development of postoperative lymphedema in patients with breast cancer (OR 1.8; 95% CI 1.0004 to 1.165). 30 Excess adiposity may increase the risk of lymphedema by driving increased inflammation, adding stress to the lymphatic system or slowing postsurgical healing times. 31 However, as will be commented in the limitations section the uncertainty regarding the validity of the obesity codification in the SNHDD requires caution when interpreting this result.
The strengths of our study included its large simple size, the standardised methodology, and use of age-matched and province-matched patients with no T2DM to control for the confounding effects of these variables. However, our study has several limitations. First, the validity of the T2DM must be discussed. A study conducted to validate the diabetes mellitus diagnosis in the computerised clinical records of primary healthcare in Spain, taking the 2003 ADA Consensus Statement as the gold standard, found that the agreement was very high (κ=0.990), with a specificity of 99.49% and a sensitivity of 99.53%.
14 The validity of the diabetes diagnosis in the SNHDD has been assessed in two previous studies, revealing a sensitivity of 55% and 63.7% and a specificity of approximately 97%. 10 11 The only moderate sensitivity found means that an important proportion of patients with T2DM do not have this diagnosis codified in their discharge report. On the other hand, the very high specificity means that most patients without a T2DM diagnosis do not really have this disease; therefore, we think that the effect of this misclassification on our design is possibly very small. Furthermore, the database was designed for administrative rather than research purposes, therefore conditions such as obesity, infection, hypertension and smoking may not have been adequately recorded in the database. 8 10 11 The validity of the variable 'obesity' in our investigation must be discussed. In our study population, the prevalence of obesity is very low among women with diabetes, which is possibly a consequence of under-recording this condition. Previous studies conducted in Spain and other countries have also found an under-reporting of obesity in administrative data. [32] [33] [34] [35] These authors suggest the following possible reasons to explain the low rates of obesity in administrative data: i) obesity is not explicitly mentioned in physician reports; ii) people who codify may not record obesity owing to time constraints when performing data abstraction; iii) when time for coding is limited, coders tend to include severe conditions but not risk factors and iv) the diagnosis of obesity is often not based on the body mass index (BMI), but rather on the subjective observation made by the clinician, which means that more severe obesity is overcodified. [33] [34] [35] Furthermore, a possible differential information bias may occur and thus the misclassification of obesity may be related to the presence of diabetes. Thus, ICD codes for obesity may be more commonly assigned to patients suffering from other comorbidities (including diabetes) Open Access or postoperative complications. This suggests a greater association between obesity and adverse events than what is obtained based on the BMI calculations. 33 35 As a result, any association between obesity and the presence of IHC must be interpreted with caution.
Second, unfortunately the ICD-9 does not include information regarding whether a condition is part of the patient's past medical history or if this appeared during the hospitalisation. Therefore, it is possible that a patient may first be diagnosed with diabetes or any other condition studied during the hospitalisation. However, we think that this possibly affects a very small proportion of patients and thus the effect on our results would be minimal.
Third, the database that we used contained no information about chemotherapy or radiotherapy treatments prior to surgery, which may have affected our outcome variables.
Fourth, we lacked data such as breast cancer characteristics or the time span since diagnosis.
Finally, other relevant variables such as laboratory results, BMI, medical treatments (eg, glucose-lowering drugs, insulin or antibiotics), patients who have undergone a prosthetic reconstruction and the eventual use of an acellular dermal matrix are not included in the SNHDD.
COnClusIOns
We conclude that women with T2DM who undergo surgical procedures to treat breast cancer have more comorbidities, risk factors and a more advanced cancer presentation than women without T2DM. Mastectomies are more frequently performed in diabetic women. Moreover, procedures carried out in women with T2DM were associated with greater IHC. Finally, comorbidity was a strong predictor of IHC in women with T2DM. 
